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NOTE TO THE READER:

This technical report was prepared as one component of Stage 1, or "Problem Definition,” for the
Lake ErieLaMP. Thisreport provides detailed technical and background information that
provides the basis for the impairment conclusions recorded in the LaM P 2000.

This document has been extensively reviewed by the government agencies that are partnering to
produce the LaMP, outside experts, and the Lake Erie LaMP Public Forum, a group of citizen
volunteers. Thisreview was designed to answer two questions.

I's the document technically sound and defensible?
Do the reviewers agree with the document conclusions regarding impairment?

In its present form, this report has been revised to address the comments received during that
review process, and there is consensus agreement with the impairment conclusions presented.



Fish Tumorsor Other Deformities

6.1

6.2

Liging Criteria

According to the 1JC, afish tumor or fish deformity impairment occurs when the incidence rates
of fish tumors or other deformities exceed rates at unimpacted control Sites or when survey data
confirm the presence of neoplagtic or preneoplastic liver tumors in bullheads or suckers (1JC,
1989).

Application of the Ligting Criteria

The Beneficid Use Impairment Assessment Subcommittee has defined unimpacted sites as
those areas where:

a) indudtrid or municipa pollutant discharges are not located upsiream or in the immediate
vicinity; and

b) surrounding land use patterns have not disrupted ecosystem function.

The IJC lidting criteriarequire identification of fish tumor or deformity impairments:

a) regardless of whether a specific cause for the tumor has been identified;

b) regardless of whether a cause, when identified, is a chemica pollutant and/or carcinogenic;
¢) regardless of whether atumor is a carcinoma.

Currently two different assessment methods are used to eva uate the prevaence of fish tumors
or deformitiesin Lake Erie and its tributaries (see sections 6.5 and 6.6). Although the scope of
fish gpecies evauated and results obtained are distinct, both monitoring protocols provide
information ussful to assessing impairment per the 1JC listing criteria Therefore, the bench
marks used in both types of studies, to determine when tumor or deformity incidenceis
sgnificant, were used to develop the more detailed assessment criteria below.

Impairment determinations should be based on fish tumors or deformities that exceed rates
at unimpacted sites. In the Lake Erie basin, particularly on the United States shoreline,
least impacted sites are used since no completely unimpacted Sites are present. Predictably
tumor and deformity levels from even these less impacted |ocations may be somewhat
elevated. Imparment occurs when:

1) An intestinal or liver tumor prevalence of >5 to 7% occurs in common native
near shore species of benthic dwelling fish (the species for which we have most
information in the Great Lakes are brown bullhead) or in walleye, perch or



6.3

6.4

salmonid species offshore. Samples must consist of at least 30 fish, each of
which is 250 mm or greater in length. Tumors are defined as neoplasms of either
intestinal, bile duct, or liver cells as determined by histopathol ogy.

2) A prevalence of lip tumors >8-10% or of overall external tumors>13-15%in
white sucker and brown bullhead. Tumors are defined as papillomas or other
neoplasms as deter mined by histopathology. Samples must consist of at least 30
fish, each of which is 250 mmin length or greater.

3) A Deformities, Erosion, Lesions, & Tumors (DELTS) external anomaly index of >
0.5 % occurs (see sections 6.6, 6.7 and Appendix 6A). It should be noted that
application of the DELTs anomaly index is not limited to the fish specieslisted in
item 1 of the assessment criteria.

Scope of the Assessment

The geographic scope of the Lake Erie LaMP beneficia use impairment assessment (BUIA)
includes open lake waters, nearshore aress, river mouths and embayments, and the lake effect
zoneof Lake Erietributaries. The lake effect zone is defined as that zone where the waters of
the lake and tributary river are mixed.

The Detroit River upstream of the lake effect zone has not been included within the scope
of the Lake Erie LaMP. However the water quality of the Detroit River affects western

L ake Erie and the two fish communities are amost identical. Therefore tumor prevaence
in fish from the Detroit River is used for comparative purposesin this report. The Buffalo
River, which enters directly into Lake Erie, is within the scope of the Lake Erie LaMP.
Although little mixing of Buffalo River water and eastern basin water may occur prior to
discharge to the Niagara River, the three miles between the two systems still represent
Lake Eriewaters. In addition, fish coming from the Buffalo River and entering Lake Erie
may well remain in the lake or enter the Niagara River.

All avallable fish tumor or deformity information within the geographic scope of the Lake Erie
LaM P was evaduated againgt the bench marks outlined in Section 6.2 to determine whether
impairment is occurring. Informeation regarding the causes of fish tumorsis aso included when
avaladle.

Condgderationsin Evaluating the Presence of Fish Tumors or Deformities

The purpose of assessing the prevaence of fish tumors and other physicd aonormditiesisto
use these as an indicator of both environmental degradation of the aquatic ecosystemn and asa
measure of hedth impairment to fish populations (Baumann 1992, Couch and Harshbarger
1985, and Sonstegard 1977). Reports of elevated frequencies of tumors in populations of
fish (epizootics) became more frequent starting in the late 1970s as research into the causes
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of different tumor typesincreased. Recently declinesin tumor prevalence have also been
used as an indicator of improving health in ecosystems where point sources have been
eliminated or where remediation has occurred (Baumann and Harshbarger 1996).

However several factors need to be considered in evaluating whether tumor prevalenceisa
good indicator of fish population health.

6.4.1 Internal Tumor Prevalence and Fish Age

Tumor incidence increases with age in fish exposed to carcinogens (Baumann et a. 1990).
In particular fish less than three years old often do not display many tumors even in highly
polluted locations, since both adequate exposure and a latent period for tumor devel opment
are needed. Thus fish which are less than three years old should not be used in surveys of
internal tumors. Ages should be taken of al fish to help understand comparisons of tumor
prevalence among locations. In order to minimize this problem, we have specified
minimum length limits in Section 6.2, which should usually prevent sub-adult fish from
entering the sample. Our tumor values for impairment were derived based on amix of age
3 and older fish commonly found in urbanized rivers.

6.4.2 Tumor Prevalence and Old Data

Tumor frequencies change through time, particularly when point sources are being added
or eliminated from a system, or when remediation has been undertaken. Since routine
tumor surveys are not conducted by any government agency, data pertaining to agiven
system may be severa or many yearsold. Even though logically older data cannot be a
good indicator for the current status of the areain question, it must be used for impairment
purposes until superseded by more recent research. An ongoing USGS survey of al of the
US Lake Erie Areas of Concern began in 1998 and will conclude in 2000 with data
available on al sitesby 20001. Thisdatawill update the tumor incidence Statistics at al of
the US Lake Erie locations with prior tumor epizootics.

6.4.3 Types of Tumors Suitable as Impairment Indicators

A comprehensive review documented tumor epizootics from 41 different locations in North
America (Harshbarger and Clark 1990). Additiona andysis of this data indicated that 22
species of fish had populations with eevated tumor incidence associated with environmentd
contaminants, and that about two-thirds of these species were benthic or bottom-dwelling fishes
(Baumann 19924). A more recent review, specific to the Great Lakes, and dealing primarily
with brown bullhead and white sucker, lists dozens of epizooticsin both Canadian and U.S.
waters (Baumann et d. 1996). Such tumors are generaly categorized into three different
groups by etiology: genetically induced, viral induced, and those caused by chemicd
carcinogens.



Genetically Induced Tumors

Some tumors have a genetic origin or etiology (Baumann 1992b). Hybrids fish species, such
as platyfish/swordtall crosses, may be susceptible to tumors because of dilution of modifier
genes (Anders 1967) or amplification of oncogene segments (Vielkind and Dippel 1984).

Such fish exhibit a certain incidence of “spontaneous’ cancers, but are aso more susceptible to
chemicaly induced cancers.

Feld sudies indicate that hybrids between common carp (Cyprinus carpio) and goldfish
(Carassius auratus) in the Great Lakes develop gonada tumors which appear to have a
genetic basis (Harshbarger and Clark, 1990; Sonstegard 1977, Smith, 1998). Thus gonadal
tumorsin carp x goldfish hybrids are unsuitable for use in impairment assessments until a base
incidence of “gpontaneous’ gonada tumors can be determined.

There has aso been a suggestion that bullhead in Gresat Lakes tributaries are crosses between
black and brown bullheads, and thus could be more susceptible to tumors. However, genetic
studies to test this hypothesis have not been conducted. Ohio EPA studies have recorded zero
brown bullhead/black bullhead hybrids in Lake Erie waters or tributaries. In fact very few
black bullheads have been recorded. Furthermore the differing tumor prevaence in different
tributaries, and in particular the vadtly differing liver tumor frequencies seen over timein single
locations such as the Black River, preclude genetics as a mgor factor influencing tumor
development in brown bullhead (Baumann, 1998).

Viral and Multifactorial Tumors

Certain tumorsin fish have avird origin. The classc example islymphomain northern pike and
muskellunge (Mulcahy and O’ Leary 1979, Papas et a 1977, Sonstegard 1976). Externa
tumors having aknown vird etiology affect many speciesinduding: epidermd hyperplasain
walleye (Smith et a 1992, Martineau et d 1990, Y amamoto et d 1985) and papillomaon
Atlantic sdlmon (Carlise and Roberts 1977), rainbow trout (Roberts and Bullock 1979), white
suckers (Baumann et a 1996, Premdas and Metcafe 1994, Smith et d 1989 ab, Cairns and
Fitzammons 1988, Smith and Zgdlik 1987, Sonstegard 1977) and brown bullheads (Smith et
a 19893, Baumann et a 1996).

If external tumors are due to viruses aone, the tumor rate does not increase with age and these
tumors can regress spontaneoudy (Premdas and Metcalfe 1994, Smith and Zgdlik 1987).
Since externa tumors in walleye are known to have avird origin, and since there have been no
gudiesindicating an increased incidence in polluted waters, walleye skin tumors can not be
used asindicators of impairment.



Recently scientists have succeeded in inducing lip papillomasin hedthy white suckers by
injecting cdll-free filtrates from papilloma tissue of diseased white sucker (Premdas and
Metcafe 1994). Thus, at least some lip tumors present in white sucker have aclear cut vird

etiology.

However, in other Stuations, pinpointing the underlying cause of atumor as trictly vird inwild
fish isnot dways possible. For example, with afew exceptions, prevaences of lip tumorsin
white sucker and brown bullhead are dlevated in populations from industrialized Greet Lakes
aress (Baumann et d 1996 and Premdas et d), pointing to amultifactorid (chemical and vird)
etiology. It ispostulated that exposure to chemicas increases the incidence of tumors caused
by viruses through immune suppression or enhanced vird replication. Thus, in certain Stuations,
the presence of virdly induced tumors may be an indicator of exposure to adverse levels of
chemicasin the aguatic environment.

Freshwater drum from some areas in Lake Erie are known to have an increased prevaence of
pigment cell tumors (chromatophoromas) (Harshbarger and Clark 1990; Baumann, Okihiro,
and Kurey unpublished data). These tumors are found with increasing frequency as the length
of the fish increases (Black 1983b). A lower frequency of such tumors exigts in the Ohio River.
At thistime, no cause, ether vird or carcinogen, can be assigned to these tumors. In Japanese
waters (Kimura et a. 1984) smilar tumorsin related drum species have been corrdated with
chemica carcinogen exposure. However, without Smilar evidence for freshwater drum, such
chromatophore tumorsin this species cannot currently be used to assess impairment in single
pecies Sudies. This species, dong with al others found in the lake effect zones of Ohio
tributaries and Ohio Lake Erie nearshore will be assessed as applicable in the DEL Ts index
results (see section 6.6 and 6.7).

Chemically Induced Tumors

Tumors caused by chemica carcinogens most often affect the liver dthough lesions have been
induced in the skin and numerous other tissues by laboratory exposure (Black, 1983; Hawkins
et d. 1989). No liver tumorsin any fish have ever been proven to be of vird origin. Nor are
epizootics of cancer in non-hybrid, wild fish populations likely to have a purdly genetic basis
(Baumann 1992b). All thirteen species of benthic fish listed by Harshbarger and Clark (1990)
as having had liver tumor epizooatics have aso had populations from unpolluted areas with
documented tumor frequencies below one percent. Furthermore, in five carcinogen laboratory
studies reviewed by Baumann (1992b), large numbers of control fish (of three different species)
al had less than a one percent incidence of spontaneous liver tumors.

Chemicd induction of liver tumors in fish has been done experimentally with a variety of
carcinogens viainjection, waterborne exposure, and diet (Baumann 1992b). Both skin and
liver tumors were induced in brown bullhead by exposure to extracts of sediment from the
Buffalo and Black Rivers which contained carcinogenic polynuclear arometic hydrocarbons
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(PAHSs) (Black et a. 1983 and Black et a. 1985). Massive field studies have Satigtically
correlated tumor frequencies in English sole with PAH in sediment in Puget Sound (Mdinset dl.
1984 and Myers et d. 1990). Similarly, alarge number of field studies at freshwater locations
have linked liver tumors in benthic fish with carcinogens, primarily PAH, in sediment (Vogelbein
et a.1990, Baumann 1992a and Baumann et d. 1996). A number of laboratory experiments
(Balch et a 1995, Hinton 1989, Metcalfe 1989, Metcafe et a 1988, 1990, 1995, Hendrick
1985) clearly indicate that the chemicals have the potentid to be direct acting carcinogensin
fish.

One long-term series of sudiesin the Black River, Ohio has demondtrated adeclinein liver
tumors in brown bullhead following a declinein PAH in the river sediment (Baumann and
Harshbarger, 1995). After remedia dredging in 1990, buried PAH contaminated sediment was
re-exposed and liver tumor prevalence again increased dramatically (Baumann and

Harshbarger 1998). Such fluctuations in an effect which tracks smilar fluctuaionsin the
purported cause is one of the strongest epizootiological arguments for a cause and effect
relationship.

The most recent literature review on Great Lakes tumor data States that there is sufficient deta
to warrant the conclusion that high tumor prevalences in suckers and bullheads from the Greet
Lakes are associated with exposure to chemica contaminants (Baumann et a. 1996). Suckers
and bullheads are inshore species that do not migrate extensvely. Therefore, the health of these
species reflect the impacts of localized aguatic environment conditions on fish hedth.

Status Of LakeErieFish Tumor or Deformity Prevalence - Individual Species Studies
Background

White sucker and brown bullhead are the benthic species most commonly used for monitoring

tumor prevalencesin the Great Lakes. Individua species sudies are typicdly limited to

evauation of tumors (versus other types of deformities) on mature fish and focus on the

potentid for links between the presence of tumors and chemica carcinogens.  Both externa

and interna tumors are usualy evauated and histopathologica andyss of tumorsis usud.

This section summarizes available data on fish tumor or deformity prevaencein individud Lake
Erie fish gpecies.

Brown Bullhead (Ameiurus nebul osus)

Tumors are most often found in the skin, mouth area, and liver in brown bullhead.

Studies of tumors in brown bullhead from Lake Erie and its tributaries have occurred in the Detroit
River (Michigan), Old Woman Creek and the Huron, Black, Cuyahoga and Ashtabula Rivers (Ohio),
Presque Ide Bay (Pennsylvania), Buffado River (New Y ork), and Long Point Bay (Ontario). Old



Woman Creek, the Huron River, and Long Point Bay are reference Sites (= least impacted) but not
control stes. While none of these sites hasindustrid point sources of carcinogens, Old Woman Creek
contains devated PAH levelsin sediment near arailroad bridge and a highway bridge (Johnston and
Baumann 1989). Long Point Bay isjust west of the industrialized Nanticoke areawhere thereis PAH
input to sedimen.

A summary of higorica study resultsis shown in Tables 6.1 and 6.2. An ongoing study by the
USGS will provide new datafor al U.S. Lake Erie Areas of Concern by 2002.

Table 6.1. Prevalence (to nearest 0.5%) of external tumors in brown bullhead by location
and date; (Baumann et al. 1996; Smith et al. 1989a).

Location Date N % Reference
Detroit River, MI** 1985-87 449 10 Maccubbin & Ersing 1991
(Trenton/Amherstburg) 1993 48 21 Leadley et al. 1997
Black River, OH 1980 86 35 Baumann et al. 1987
1993 104 25 Baumann, unpublished
Presque Isle Bay, PA 1992 102 56 Obert, 1994
1995 69 275 Obert, 1997
1997 63 11 Obert, 1998
Buffalo River, NY 1983 30 23 Baumann, unpublished
1988 100 23 Baumann, unpublished
Ashtabula River, OH 1991 98 16 Mueller and Mac, 1994
Cuyahoga River, OH 1984 90 9 Baumann, et al. 1991
1987 41 19.5 Baumann, unpublished
Detroit R (Peche Isl.*) 1993 27 75 Leadley et al. 1997
Old Woman Creek* 1984-85 120 2.5 Baumann, unpublished
Huron River* 1986-87 282 6.5 Smith et al. 1994
Long Point Bay, Ont. * 1985 53 15 Smith et al. 1989a

* reference (=least impacted) sites.

** Because the Detroit River is the major source of water inflow to Lake Erie study results showing high
tumor incidence in the Detroit River are included here. Given the relationship of Detroit River flow to Lake
Erie, causes of tumor incidence in the Detroit River may also be affecting the western basin of Lake Erie.




Table 6.2. Prevalence (to nearest 0.5%) of liver tumors (neoplasms) in brown bullhead by location
and date; (Baumann et al. 1996; Smith et al. 1989a).

Location Date N % Reference
Detroit R., MI** 1985-87 306 9 Maccubbin & Ersing 1991
(Trenton/Amherstburg) 1993 48 16.5 Leadley et al. 1997
Black River, OH 1982 124 60 Baumann et al. 1990
1987 80 325 Baumann & Harshbarger 1995
1992 97 58 Baumann & Harshbarger 1998
1995-96 49 12 Baumann unpublished
1998 45 6.5 Baumann unpublished
Ashtabula River, OH 1991 98 7 Mueller & Mac 1994
Cuyahoga River, OH 1984 85 9.5%** Baumann et al. 1991
1987 71 195 Baumann unpublished
Presque Isle Bay, PA 1992 102 22 Obert 1994
1995 69 115 Obert 1997
1997 63 3 Obert 1998
Buffalo River, NY 1983 30 26.5 Baumann unpublished
1988 100 19 Baumann unpublished
Detroit R (Peche Isl.)* 1993 27 35 Leadley et al. 1997
Old Woman Creek, OH* 1992-93 120 55 Baumann unpublished
Huron River, OH* 1986-87 282 1 Smith et al. 1994
1998 30 6.5 Baumann unpublished
Long Point Bay, Ont.* 1985 53 0-8 Smith & Ferguson 1986

* reference (=least impacted) sites.
** Because the Detroit River is the major source of water inflow to Lake Erie study results showing high
tumor incidence in the Detroit River are included here. Given the relationship of Detroit River flow to Lake

Erie, causes of tumor incidence in the Detroit River may also be affection the western basin of Lake Erie.

*** Conservative value based on a combination of gross observations and a limited histopathological survey.

Liver Tumorsin Brown Bullhead

A tota of 10 Sites (4 reference Sites) have been investigated for bullhead liver tumorsin the
Lake Erieregion. Tumorswere most abundant in the Black River, particularly in the early
1980s and 1990s (50-60%). Other systems including the Buffdo River, Presque Ide Bay, the
Cuyahoga River, and the Detroit River aso had bullheads with aliver tumor prevaencein
double digits a sometime in thelr higtory. The Ashtabula River had an intermediate tumor
prevalence of 7%in 1991. All of these Sites were known to be contaminated with carcinogens
at the time of the referenced study (Baumann et a. 1996).

Tumor prevaence a least impacted (reference) locations ranges from 0% in Long Point Bay to
6.5 % in the Huron River.
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There are some considerations at these sites that blur the line between impaired and reference sites,
and point out the difficulty in finding an unimpacted reference location against which to assess
impairment. Thisisthe reason for choosing ranges in the assessment criteria benchmarks, rather
than a single threshold number.

Some fish in Long Point Bay that had visual abnormalities were not subjected to
histopathology. If all such fish had actual liver neoplasms, the prevalence there would be
8%. However al fish with visual abnormalities that were examined by histopathology
were found not to have neoplasms.

The Old Woman Creek samples included a high percentage of older fish, and thus may not
be directly comparable to the other sites (see Section 6.4.1).

Given the fact that none of these locations is both pristine and isolated from nearby
contaminated locations, such values should be viewed as elevated above a pre-industrial
background level.

Evidence exigs for the presence of, exposure to, and metabolism of PAHs by bullheadsin the
Black and Buffalo Rivers (Baumann et d 1987, 1988, 1990, Fabacher et al 1988, Black et a
1985, Black 19833). The Black and Buffalo Rivers both contained high levels of PAHsin the
sediments at the time of the sudies.  Contaminated sediments in the Black River were dredged
in 1990, and after a short term spike in tumor incidence, reduced rates of tumor incidence have
resulted.

Sediment andyssin Presque Ide Bay documented variable levels of carcinogenic PAHS.
PAHs dso occur in the Ashtabula, Detroit and Cuyahoga River sampling locations, making a
chemicd etiology plausble a dl of these Sites

In summary, the historical liver tumor incidence rates in brown bullhead from the Black, Buffado,
Detroit and Cuyahoga Rivers and Presque Ide Bay clearly exceeded both the 5-7%
assessment criteria benchmark and incidence rates at least impacted (reference) Stes. Recent
surveys indicate adecline in the liver tumor prevalences in bullhead from Presque Isle Bay
and the Black River to below, and just at the threshold of, the assessment criteria
benchmark for impairment, respectively.

External Tumorsin Brown Bullhead
Brown bullheads from contaminated areas often have tumors of the skin and ora cavity. In
other species of fish, skin tumors have been shown to be caused by viruses, ether alone, or

exacerbated by the smultaneous presence of chemica carcinogens. However, virus has not
been demonstrated to be a cause of brown bullhead cutaneous lesions (Baumann et a, 1996),
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and bullheads (as well as mice) developed skin tumors when painted with river sediment extract
containing PAHSs (Black 1983).

A summary of externd tumor studiesin historical sudiesof Lake Eriefishis presented in Table
6.1. A total of 10 sites (4 reference sites) have been investigated for externd bullhead tumors
in the Lake Erie region. Tumors were most abundant historicaly in Presque Ide Bay (56%),
followed by the Black (25%) and Buffdo Rivers (23%). That fish from these three Sites had an
unusudly high rate of tumor prevaence is unquestioned. All locations that had bullhead externd
tumor prevaence of 19% or more were Sites known to be contaminated with PAHs at the time
of the study (Baumann et d. 1996). Tumor incidence rates last determined for the Black,
Cuyahoga and Buffalo Rivers clearly exceed the assessment criteria bench marks
established for determining impairment, although all of these locations are being re-
sampled. External tumor incidence in bullhead at Presque Isle Bay declined below the
assessment criteria bench mark in the most recent surveys.

Externd tumor prevalence a the other Stes studied are not as eadily trandated into impairment
conclusons.  Tumor incidences in the Ashtabula, Detroit, and Buffao Rivers were 16, 10, and
8.9% respectively. Theseincidence rates are dl ether just above or right at the threshold
vaues for impairment. Tumor incidence rates a the reference sites were 2% a Old Woman
Creek and 15% at Long Point Bay.

The Long Point Bay areaiis a provincia and national park setting, dominated by wetlands.
However, there are mgor nearby indudtria inputs aswel as agriculturd inputs from locd rivers
such as Big Creek. Because of the high prevaence of papillomas on bullheads from Long Point
Bay, aleast impacted location, drawing an impairment conclusion is problematic. The high
prevaence of papillomas on bullheads from Long Point Bay could be caused by a mobile
population exposed to PAH in the Nanticoke area to the east or could be construed as
evidence of vird involvement in the etiology of these tumors. Since the Long Point Bay datais
now amost 15 years old, there is aneed for a new tumor survey of that location and other
Canadian tributaries for brown bullhead and white sucker.

Taken asawhole, these studies suggest that bullheads in avariety of polluted locations have
higtoricdly or currently exhibit abnormaly high skin tumor rates. No exact cause has been
determined, but the genera correlation with liver cancers and with sediment contamination
suggest arole for chemicd carcinogensin the sediment, perhaps in combination with avird

agent.

White Suckers (Catostomus commersoni)

White suckers are the most commonly used species to assess tumor prevalence in Great Lakes
tributaries and harborsin Canada. An extensive data-base exists which has been recently
summarized and reviewed (Baumann et d. 1996). Although no extensive surveys of white
suckers have been conducted in the Lake Erie watershed, the potentia to use this species
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6.6

certainly exists. Some externa tumors on white sucker have been proven to have vird etiology,
however externa tumor prevalencein this speciesis usudly higher in contaminated areas. Thus
amultifactoria etiology for these tumorsis suspected, and tumor prevaence is useful for
monitoring impairment in tributaries. Liver tumors are congdered to be chemically induced, and
thus are dso useful asan indicator. White sucker populations with an externa tumor
prevaence above 15% or aliver tumor prevaence of 6% or more have been found in
contaminated areas with only a couple of exceptions (Baumann et d. 1996). Therefore, the
threshold vaues for impairment using brown bullhead tumors would apply equaly well for white
sucker.

Status Of LakeErieFish Tumor or Deformity Prevalence - Ohio DEL TS Anomaly
I ndex

Deformities

Besdes externd tumors, avariety of other grosdy visble abnormalities or deformities can occur
in fish. These deformities may be caused by environmental degradation, such as contaminant
exposure, and include vertebra deformities, skull deformities, fin ray eroson, open lesons, and
eye abnormalities. Deformities of the spinal cord and other “teratogenic” effects can be
induced by rapid temperature changes during the early development of the larvd fish.
Deformities can aso be caused by viruses, bacteria, or parastes. Fish spawning or migrations
can cause fin erogon or result in infected scrapes and cuts which may mimic lesons.

Asareault, deformities must be evauated carefully when trying to assess whether impairment is
occurring. For the purposes of this assessment, the above-mentioned abnormalities/deformities
will be assessed asagroup. Comprehensive fish deformity data exists only for Ohio nearshore
waters of Lake Erie and the lake effect zone of Ohio tributaries using the DELT anomaly index.

Background

The DEL Ts anomaly index has been used by Ohio EPA as one of severd quantitetive
biologica indicators of stream water quality in Ohio since 1979. Specificdly, the DEL Tsindex
evauates the prevalence of external deformities, fin eroson, lesons and/or tumors (DELTS). It
appliesto dl species of fish, regardless of sSze, and is a broad indicator of environmenta
degradation rather than alink to any particular cause, such astoxics. Histopathologicd andysis
of tumorsisonly rarely done in associaion with use of the DEL Tsindex.

Ohio EPA uses dectrofishing methods to sample a 500 meter zone adong the shore. All fish
collected are examined for DELT anomalies and results are recorded using the definitions and
criteriaoutlined in Appendix 6A to judge the saverity of DELTsindex data. Anomay datais
collected on individua fish and analyzed & a community scde. Thereisno reporting of year
class or individua species incidences.
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All species do not respond identicaly to environmenta disturbancesin terms of DELT
incidence (Sanders et. d. 1999). Some species, such as redhorse suckers, are highly sengtive
and develop lesions and eroded fins a low disturbance levels and disappear (presumably die)
before tumors develop, while other species, such as the brown bullhead, continue to exist long
after developing extreme levels of externd tumor incidence.

Consequently, to cdibrate the DEL Tsindicator Ohio EPA has sdlected and sampled aswide a
range of environmenta conditions as possble to obtain an understanding of how DELT
anomalies respond to a gradient of environmenta conditions. Statewide stream data have
shown that the highest percentages of DELT anomaiesin Ohio occur in the mogt biologicaly
and chemicaly impaired streams, while the lowest percentages have been found in Ohio’s least
disturbed streams. A smilar phenomenon is observed in the waters of Lake Erie.

Calibration of the Lake Erie DELTs I ndicator

In 1993, the Ohio EPA began a project designed to develop numerical biological criteriafor
shordine waters of Lake Erie, including lake effect zones of Lake Erie tributaries (lacustuaries).
The DELTs anomay index isone of 14 indicators, or metrics, selected as best suited for usein
determining Lake Erie nearshore water quaity. Asof 1999, the DEL Tsindex isused in Grest
Lakes waters only by Ohio. Mogt gtes dong the Lake Erie shordine have only been sampled
once during the period 1993-1996 while lacustuaries have been sampled multiple times.

The andysis of a separate data base for Lake Erie conditions avoids confusing phenomenon
occurring in the free flowing waters data base with those occurring in lentic Lake Erie arees.
Hedlthy Lake Erie nearshore and lacustuary fish communities normaly have fewer benthic
oriented pecies and individuds than hedthy stream communities and may experience less
exposure to contaminated substrates.

A sub-sdlection of samples from the Lake Erie data-base, determined to be least impacted,
were used to establish expectations for background DELT levels. Using the framework of the
Index of Biotic Integrity, the range of DELT variation was divided into three categories: dightly
deviates from pristine conditions (frequently observed levels), moderately deviates from pristine
conditions (occasiondly observed levels) and strongly deviates from pristine conditions
(infrequently observed levels). A fourth category of highly deviant from prigtine conditions (a
level of DELTs not observed in least impacted Sites) has been added for Lake Erie waters.
Figure 6.3 in section 6.7 gives the distribution of DELT percentages observed in the Lake Erie
data base.

Lake Erie Nearshore Results

From 1993 to 1996, Ohio EPA sampled atota of 90 Sites (324 individua collections) in the
Lake Erie nearshore (the area within 1-5 meters of the shore). Sites were selected to reflect
the fundamenta habitat types found in the lake's nearshore areas and to provide a thorough
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coverage (one stefor every 5 miles) of the areainvestigated. In the lake proper, Steswere
located along harbor breskwalls, sand/gravel beaches, the shores of the Lake Erie Idands,
bedrock diffs, and modified shorelines with numerous types of structures designed primarily to
prevent shoreline eroson. Wetland/bay-like habitats were sampled in Sandusky Bay, East
Harbor State Park, and Presque Ide Bay (11 Sites).

Reference sites for the Lake Erie nearshore include Middle Harbor, East Harbor and Presque
Ide Bay. It should be noted that the Presque Ide Bay reference sites were located on the south
shores of Presque Ide Bay State Park opposite the shoreline where sediment contamination
has been found. All of the above-mentioned reference sites were selected based on the
absence of: @) large tributaries carrying agriculture associated pesticides and sediment, and b)
indugtrid or municipd dischargersin the vicinity of the sampling Stes.

Though some bullheads with tumors were taken during Ohio EPA fal sampling a Presque Ide
Bay, the incidence of tumor occurrence (and overal DELT percentages) remained below Ohio
EPA criteriaat these dtes. Out of 6,982 fish captured during eight sampling efforts, four fish
with tumors were recorded. Of 19 brown bullheads, two individuas were observed with
externa tumors.

DELT anomadlies percentages for the Ohio nearshore Sitesin Lake Erie proper are summarized

inFigure 6.1. More detailed results for each individua site sampled and shown in Figure 6.1
are provided in Figures 6.1.1 through 6.1.10 in Appendix 6C.
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Percent DELT Anomalies
LAKE ERIE SHORELINE AND ISLANDS
(Source: Ohio EPA)

20
WEST«¢ P EAST
%2}
. Q a
[
. © Q
15
- 2] 0
L L
— | iz 7
—l S 3
O ] o
Q =
> 10 o
12
HIGHLY 2 ; m 4
IMPAIRED © @ I D m
4. S~ S A Berrggene DeadfennsfuoQin -
™ m 2 4 ‘B
S5 0 @ Lo
STRONGLY 3 ™ ~
IMPAIRED . [z Q ==
[ce} "U:‘) Q
A== --0-- - - - --:_-| -------- - -rme- -] - --‘%-
MODERATELY | — o £
IMPAIRED ‘®
- —
BACKGROUNDy | [ B T ==y 1 | et T TR i)
> . ) . o >
E g 2 z 9 Z o Z 5 £ & E £ &
pd =z n ) wn e m 5 > zZ = Z prd >
33 %232 5% 2538333z
c 3 & 2 &8 I £ o 3 0 8 0o o 5
W £ I X W I E 5 O zZz < W < Q
< 2 = < - a) )] - O = o X 5' ®)
S 2 3 5 8 ¢ & g weg o3I g u
= FE o g 5 = ¥ x 9 2 i
(0] 0 5 I
O 3 4]
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acustuary Results

A lacugstuary isatrangtion zonein ariver that flowsinto afreshweter lake. It isthe portion of
the river affected by the water level of the lake. Lacustuaries begin where lotic conditions end
in ariver and end where the lake proper begins. The extent of the lacustuary for each Ohio
tributary to Lake Erieis provided in Appendix 6B.

L ake affected tributary streams (or lacustuaries) were sampled at 125 stes (593 individua
collections) from 1982 through 1996. Sites were located at the mouth, head, and midsections
of eech lacustuary.

DELT anomdies percentages for Ohio lacustuaries are summarized in Figure 6.2. More
detailed results for each individuad ste sampled are provided in Figures 6.2.1 through 6.2.16 in
Appendix 6C. It should be noted that data for fish with lymphocystisisnot included in these
figures

When examining DELT resultsin combination with species sengtivity to environmentd
conditions. For example, in areas such as Old Woman Creek fin erosons and lesons
dominate the percent DEL Ts observed and deformity and tumor incidenceisvery low. These
DEL Tsreaults are due to low dissolved oxygen conditions.

In contragt, the presence of dl typesof DELTs during multiple sampling yearsis consdered
indicative of chemicaly induced DELT anomdies. For example, in indudtrialized areas such as
the Cuyahoga and Black Rivers there are dso high levels of deformities and tumors from
exposure to chemica contaminants ong with high levels of eroded fins and body lesions from
low dissolved oxygen leves.

In addition, fin eroson and lesion incidence can vary from year to year as aresult of tempord
pollution events resulting from sewage or nutrient induced oxygen depletion while chemica
pollution (especidly in sediments) will persst for decades.

Examination of the Black River lacustuary (Figure 6.2.10) illugtrates how the removal of
contaminated sediments has resulted in a decrease in the incidence of DEL Tsin the 1997
samples. Samples taken from 1992 show elevated DEL Ts in response to increased exposure
to contaminated sediments immediately after sediment dredging (1990). As clean sediment has
covered the freshly exposed sediments DEL T incidence has declined.

17



Percent DELT Anomalies
ALL LAKE ERIE LACUSTUARIES

(Source: Ohio EPA)
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6.7

Summary of Fish Tumor or Defor mity Impairment Conclusions

Individual Species Studies

Per the |JC lidting criteria, afish tumor or fish deformity impairment occurs when the incidence
rates of fish tumors or other deformities exceed rates at unimpacted control sites.  Finding a
truly unimpacted control sitein Lake Erie has been nearly impossible to date. However, using
expected rates of tumor/deformity incidence at rdatively unimpacted sStes, the BUIASC arrived
at the tumors/deformity incidence rate threshold ranges outlined in section 6.2. When these
threshold vaues are exceeded, impairment is occurring. A summary of impairment conclusons
by basinis presented in Table 6.2. Details of impairment are outlined in the text below.

Liver and externd tumor incidence rates in brown bullhead are exceeding the threshold criteria
established for determining fish tumor impairment in Lake Erie benthic species (Item 1, Section
6.2). Specificdly, externd tumor incidence rates that Sgnify impairment occurred in 5 out of 6
non-reference stesmonitored.  Liver tumor incidence rates that Sgnify impairment occurred in
3 out of 6 non-reference sites monitored.

Ohio DELTs Index

Again, per the 13C ligting criteriaafish tumor or fish deformity imparment occurs when the
incidence rates of fish tumors or other deformities exceed rates a unimpacted control Stes.

The Ohio EPA has sampled fish communities throughout Ohio for 2 decadesin al types of
habitats and stream sizes. Evauation of the resulting data base of nearly 6,000 Stes indicates
that in areas of zero or minima environmenta impact, DEL T anomalies occur a rates less than
0.5%. Therefore, DELTsindex valuesof 0.5% or below are representative of background or
unimpacted conditions. In the case of the Lake Erie lacustuaries and shordine, background
conditions are found at Stesin and near Presque Ide Bay, Pennsylvania and Middle Harbor
and East Harbor, Ohio.

DEL Tsindex vaues > 0.5% are consdered indicative of impairment. The degrees of
imparment are classified as outlined below using the mean value for the overdl area. A totd of
80% of dl gtessampled in Lake Erie waters display some level of impairment (Water quaity
data using other metrics for fish communitiesin Lake Erie nearshore waters show the same
trend (Thoma 1999)). A summary of DEL Tsindex resultsis provided in Figure 6.3.

NONE IMPAIRED - DELTsindex valuesof > 0.0% to 0.5%. An examination of al Lake
Erie gtes shown in Figure 6.3 reved s that gpproximately 20% of al collections made had
DELT incidences less than the 0.5% leve (approximately 12% had a zero occurrence of
DELTS) and are classified not impaired. Based on DELTs anomaly data, “none impaired”
conditions are found in East Harbor Ohio, Erie County Ohio and Erie County PA.
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MODERATELY IMPAIRED - DELTsindex vauesof >0.5% to 3.0%. Approximatey
35% of al stes sampled were moderately impaired. Based on DEL Ts anomay data, moderate
impairment is occurring aong the shoreline in Lucas, Ottawa, Lorain and Lake counties, South
Bass, Middle Bass, Kelleys and Gibratar Idands and Middle Harbor in Ohio. Moderate
impairment is aso occurring in the lacustuaries of the Maumee, Portage, Sandusky, Huron,
Vermilion, Chagrin and Ashtabula Rivers, Muddy Creek, and Sandusky Bay.

STRONGLY IMPAIRED - DELTS index valuesof > 3.0% to 6.0%. Approximately 25% of
al stessampled were strongly impaired. Based on DEL Ts anomay data, Srong impairment is
occurring aong the shoreline in Cuyahoga and Ashtabula Counties. Strong impairment is aso
occurring in the lacustuaries of the Toussaint, Black, Rocky, Cuyahoga and Grand Rivers, and
Little Muddy and Conneaut Creeks.

HIGHLY IMPAIRED - DELTsindex vdues of > 6.0%. Approximately 20% of dl stes
sampled had DEL T occurrences greater than 6.0% and are classified highly impaired. Based on
DEL Tsanomaly data, high levels of impairment are occurring in the lacustuaries of the Ottawa
River aswell as Turtle and Old Woman Creeks.

In summary, these dataindicate that it is not unusua for a sample to have no DELT anomalies

and that the presence of an eevated incidence of externd anomdiesis not a normal
background condition to be expected.
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A summary of impairment conclusons by basin, combining the data from single species sudies and DEL Tsindex vauesis provided in

Table 6.3.

Table6.3. Summary of Lake Erie Fish Tumor or Deformity Impairment Conclusions By Basin

Western Basin

Western Basin

Central Basin

Central Basin

Eastern Basin

Eastern Basin

Nearshore Offshore Nearshore Offshore Nearshore Offshore
Impaired- in 6 No conclusive Impaired - in 13 No data to indicate Impaired -in1 No conclusive
tributaries, the Lake documentation of tributaries, 1 bay, and impairment. tributary and 1 bay documentation of
Erie islands, and along | impairment. along the Lake Erie impairment.

the Lake Erie shoreline
in 2 Ohio counties

shoreline in 4 Ohio
counties
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6.8

6.9

Current Research

USGSis currently coordinating a research and monitoring effort, in partnership with a number
of principle investigators around Lake Erie, to re-evauate conditionsin dl of the Areas of
Concern (AOCs). One aspect of this project is monitoring the current rate of tumor incidence
indl of the AOCs. Dataresults are expected to be available in phases over the next 2to 3
years. The USGS project, once completed, will provide an update to the information
presented in this assessment report and is also expected to provide some new reference Site
data At aminimum, reference Site data will be avallable from the Huron River.

Potential Future Research | ssues

Thereisagenerd lack of knowledge about the extent of the occurrence of tumorsin fish from
Lake Erie aswdl asthe rest of the Great Lakes, in species other than drum and bullhead.
Specific causes of the various types of fish tumors or deformities are also unknown for many of
the species evaluated in this assessment. Mogt of the existing information about tumor
occurrence deds with the fish of the harbor, bay, and tributary areas. Tumors or deformitiesin
fish of the open lake have been studied much less.

Potentia research opportunities might include some of the following items:

1 Studies of the prevaence of internal and externa tumorsin various fish pecies should
be initiated usng a sandardized sampling method o that studies in various sates and
lakes would be comparable. For instance, a satisticaly vaid sample of the most
abundant length classes of adult fish of a given species would be used instead of
induding dl length classes

2. Associated with prevaence studies, should be studies of the histology of the tumors,
particularly for fish speciesthat have not been studied much previoudy. One of the
objectives of tumor histology studies would be determining vird, bacterid, and parastic
causes. For those species that can be kept in captivity, live specimens could be kept
for an extended period of time to monitor tumor growth for Sgns of remisson
(indicative of avird, bacterid, or parasitic origin).

3. Invedtigations of the causes of tumors by using long-term experiments chalenging fish
with tumerogens and tumor promoters. For example, these types of studies could use
native species that are known to be tumor-prone and subject the fish to a suite of
chemical concentrations, including at least one concentration that is currently known to
be present in the Lake Erie aguatic environment.

4, Studiesthat characterize other components of the ecosystem inhabited by tumor
bearing fish might indicate the vaue of tumor prevaence as a predictor of ecosystem
hedith.
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5. Studies of the effects of tumors on fish surviva and reproduction. For example, tumor
impacts on swimming energetics (e.g. - increased drag from externa tumors).
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Appendix 6A

Ohio EPA’s Guide for Deter mining the Severity of Defor mities, Erosion,
Lesions, and Tumor “DELT” External Anomalies (Ohio EPA, 1996).

C

DEFORMITIES - are defined as twisted, missing, forked, or bulging body parts including
deformed fins, barbels, abdomen, or skeleton (e.g.-head, vertebrae).

Deformities are classified as light (DL) when they are limited to 1 deformed fin or 1 deformed
barbel (e.g.-forked). Deformities are classified as heavy (DL) when there are > 2 deformed fins
or barbels, or any deformity of the skeleton of other body part exclusive of fins or barbels occurs.

EROSION - is defined as loss of tissue on the fins, gill covers, and/or barbels.

Erosion is classified aslight (EL) when :

a 1 finis not eroded past a ray fork, or
b) < 2 barbels eroded |ess than half the barbel length, or
C) gill cover eroded, but no exposed gill tissue.

Erosion is classified as heavy (EH) when:
a > 2 eroded fins, or
b) 1 fin eroded past a single ray fork, or

C) gill cover eroded with exposed gill tissue, or
d) > 3 eroded barbels, or
) a barbel eroded more than half its total length.

Figures 1 and 2 illustrate the application of the erosion criteria.

LESIONS - are defined as open sores, exposed tissue, and/or prominent bloody areas.

Lesions are classified as light (LL) when there are < 2 lesions smaller than or equa to the size of
the largest scale (or eye on catfish). Lesions are classified as heavy (LH) when there are > 2
small lesions , when there is alesion larger than the size of the largest scales (or eye on catfish),
or when there is raw tissue.

TUMORS - are defined as tumor like masses that cannot be easily broken when squeezed.
Tumors are defined as light (TL) when < 2 tumors < the diameter of the eye. Lymphocystis
patches are counted as one tumor. Tumors are defined as heavy (TH) when there are > 3

tumors or there is 1 tumor larger than the diameter of the eye.

MULTIPLE DELTS - occur when fish have two or more DELT anomalies (M).
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Appendix 6B

Extent of Ohio Lacustuaries

The following isthe distance, in miles, of the lake effect zone for each Ohio tributary to Lake Erie as
determined by Ohio EPA fidd investigations during the summers of 1993 to 1996.

The distance the |ake effects extends upstream varies with lake levels and will increase aslake levels
rise. Each year alacustuary is sampled, the distance the lake effect extends upstream must be
reassessed. Distances for the lacustuaries asterisked (*) below differ from Brant & Herdendorf 1972
because |ake levels were higher during the sampling period than they werein 1972.

Ottawa River 6.8; Maumee River 14.8;
Crane Creek 2.9; Turtle Creek 5.6
Toussant River 10.0; Portage River 16.7;*
Muddy Creek 5.2; Sandusky River 15.7;*
Huron River 9.8;* Old Woman Creek 1.3;
Vermilion River 2.4;* Black River 5.8;*
Rocky River 1.5;* Cuyahoga River 7.0;*
Chagrin River 1.4;* Grand River 4.6;*

Ashtabula River 1.8; Conneaut Creek 2.1*
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Appendix 6C

DEL Ts Anomalies Per centages
Ohio Lake Erie Nearshore Waters
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Percent DELT Anomalies
LAKE ERIE: OTTAWA COUNTY

(Source: Ohio EPA)

60
504

40-

%DELT

30-
204

HIGHLY IMPAIRED 104

MODERATELY IMPAIRED

BACKGROUND 0-L

B MULTIPLE

OO0 TUMORS

I LESION

OO0 ERODED -

B DEFORMITY

WES T« » EAST [

STRONGLY IMPAIRED 77 ™7 T e s s

_.-------------------------------- ----------------------_
.. ...........ﬁ... .......Er..{mf.
o — N~ (e)] O O 0 o
o) © o %) N~ N~ N~ o0
(V] AN AN AN AN (q\] AN (q\]
—i —i — —i — —i — —i

LAKE SHORE MILE

Figure 6.1.2. Otawa County DELT pl ot.

34



Percent DELT Anomalies
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Percent DELT Anomalies
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Percent DELT Anomalies
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Appendix 6D

DEL Ts Anomalies Per centages
Ohio Lacustuaries
Figures6.2.1to 6.2.15
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Figure 6.2.1.

O tawa River lacustuary DELT plot.
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Percent DELT Anomalies
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Percent DELT Anomalies

Toussaint River and Turtle Creek Lacustuaries

20

(Source: Ohio EPA)

15

|_

|

H |

10-

X
HIGHLY
IMPAIRED
STRONGLY
IMPAIRED
MODERATELY
IMPAIRED
BACKGROUND)_|

Figure 6. 2. 3.

5

multiple
tumors
lesion
eroded
deformity

ECET .

o
o

Q
—

™ < I N
o < o ™

TOUSSAINT RIVER TURTLE CREEK
RIVER MILE

Toussaint River and Turtle Creek |lacustuary DELT

45

pl ot .



Percent DELT Anomalies
PORTAGE RIVER LACUSTUARY
(Source: Ohio EPA)
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Figure 6.2.4. Portage River |acustuary DELT pl ot.
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Percent DELT Anomalies
MUDDY AND LITTLE MUDDY CREEK LACUSTUARIES
(Source: Ohio EPA)
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Percent DELT Anomalies
SANDUSKY RIVER LACUSTUARY
(Source: Ohio EPA)
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Percent DELT Anomalies
HURON RIVER LACUSTUARY
(Source: Ohio EPA)
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Figure 6.2.7. Huron River |acustuary DELT pl ot.
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Percent DELT Anomalies
OLD WOMAN CREEK LACUSTUARY
(Source: Ohio EPA)
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Figure 6.2.8. O d Wman Creek |acustuary DELT pl ot.
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Percent DELT Anomalies
VERMILION RIVER LACUSTUARY
(Source: Ohio EPA)
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Figure 6.2.09.

Vermi lion River |acustuary DELT plot.
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Percent DELT Anomalies
ROCKY RIVER LACUSTUARY
(Source: Ohio EPA)
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Figure 6.2.11. Rocky River |acustuary DELT plot.
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Percent DELT Anomalies
CUYAHOGA RIVER LACUSTUARY
Source: Ohio EPA)
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Figure 6.2.12. Cuyahoga R ver DELT plot.
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Percent DELT Anomalies
CHAGRIN RIVER LACUSTUARY

(Source: Ohio EPA)
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Figure 6.2.13.

Chagrin River |acustuary DELT pl ot.

55



Percent DELT Anomalies
GRAND RIVER LACUSTUARY
(Source: Ohio EPA)
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Figure 6.2.14. G and River |lacustuary DELT plot.
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Percent DELT Anomalies
ASHTABULA RIVER LACUSTUARY

(Source: Ohio EPA) 0

20
1 W multiple I
i H tumors I
i lesion |
.| eroded
1 B deformity I
15 15
F ] -
1
LAJ i i
10 10
O\o ] -
HIGHLY i [
IMPAIRED
T N B
STRONGLY 5
IMPAIRED i
MODERATELY |
IMPAIRED
BACKGROUNDy 1]77"™ - ot et EOCRRIRtE
Lo (qp] 0 To) ™
o — — o S
1989 1993 1995
RIVER MILE

Figure 6.2.15. Ashtabula River |acustuary DELT pl ot.
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Percent DELT Anomalies
CONNEAUT CREEK LACUSTUARY
(Source: Ohio EPA)
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Figure 6.2.16.

Conneaut Creek |l acustuary DELT plot.
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